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Major dietary patterns and blood pressure patterns
during pregnancy: the Generation R Study
Sarah Timmermans, MD, PhD; Régine P. M. Steegers-Theunissen, MD, PhD; Marijana Vujkovic, PhD;
Rachel Bakker, PhD; Hanneke den Breeijen, MSc; Hein Raat, PhD; Henk Russcher, PhD; Jan Lindemans, PhD;
Albert Hofman, MD, PhD; Vincent W. V. Jaddoe, MD, PhD; Eric A. P. Steegers, MD, PhDOBJECTIVE: We sought to evaluate associations between dietary pat-
terns and systolic blood pressure (SBP) and diastolic blood pressure
during pregnancy.
STUDY DESIGN: This was a prospective study of 3187 pregnant
women. Participants completed a food-frequency questionnaire in early
pregnancy. The Mediterranean dietary pattern, comprising high intake
of vegetables, vegetable oils, pasta, fish, and legumes, and the Tradi-
tional dietary pattern, comprising high intake of meat and potatoes,
were identified using factor analysis.
RESULTS: A higher SBP was observed among mothers with high Tradi-
tional pattern adherence. Low adherence to the Mediterranean pattern
Generation R Study. Am J Obstet Gynecol 2011;205:337.e1-12.
0002-9378/$36.00 • © 2011 Mosby, Inc. All rights reserved. • doi: 10.1016was also associated with higher SBP but only in early and mid preg-
nancy. A higher diastolic blood pressure throughout pregnancy was ob-
served in mothers with high adherence to the Traditional pattern and
low adherence to the Mediterranean pattern. These effect estimates
were most pronounced in mid pregnancy.
CONCLUSION: Low adherence to a Mediterranean and high adherence
to a Traditional dietary pattern is associated with a higher blood pres-
sure in pregnancy.
Key words: blood pressure, nutrition, observational studies,
preeclampsia, pregnancy














pImportant maternal cardiovascularchanges occur during normal preg-
nancy including an increase in maternal
blood volume that is preceded by vasodi-
latation, which results in a drop in blood
pressure during the first half of gestation,
before returning to prepregnancy values
toward term.1,2 In mothers who develop
an elevated blood pressure or preeclamp-
sia, abnormal cardiovascular adaptation
occurs reflected by a different pattern of
blood pressure change.2,3
Even though the etiology of adverse
maternal cardiovascular adaptation to
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s.timmermans@erasmusmc.nl.pregnancy remains unknown, an impor-
tant role for the endothelium has been
suggested.2 Various dietary compo-
nents, such as fatty acids, arginine, vita-
min C and E, and folate, have been hy-
pothesized to influence cardiovascular
adaptation to pregnancy partly due to
their potential effects on endothelial
function.4
Many dietary factors are correlated
and related to other lifestyle factors.
Moreover, the single nutrient approach
does not take biological complexity re-
sulting from interactions between nutri-
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OCTOBER 2011 Americents into account.5 For this reason, re-
ently a shift toward dietary pattern
nalysis has emerged as a constructive
ethod to explore the relation between
iet and disease.
First studies have shown significant as-
ociations between dietary patterns and
eproductive outcomes.6,7 In addition,
ajor dietary patterns, such as a whole
rains and fruit dietary pattern or a fats
nd processed meats dietary pattern,
ave been associated with biomarker
oncentrations in the blood that are
nown to be related to endothelial func-
ion, including folate, homocysteine
tHcy), and high-sensitive C-reactive
rotein (Hs-CRP).6,8-10
From this we hypothesize that di-
etary patterns may influence maternal
cardiovascular adaptation to preg-
nancy through potential effects on en-
dothelial cell function. We therefore
investigated the associations of dietary
patterns with biomarker concentra-
tions of endothelial function and ma-
ternal blood pressure patterns during
pregnancy. Additionally, we focused
































Research Obstetrics www.AJOG.orgMATERIALS AND METHODS
Study design and cohort
This study was embedded in the Gen-
eration R Study, a prospective cohort
study that has been previously de-
scribed in detail.11,12 The present study
was restricted to prenatally enrolled
Dutch women with a live-born single-
ton, without a medical history of
chronic hypertension, diabetes melli-
tus, hypercholesterolemia, heart disor-
ders, and systemic lupus erythemato-
sus (n  3187).13 The study was
conducted following the World Medi-
cal Association Declaration of Hel-
sinki.14 Approval was obtained from
the Medical Ethics Committee of the
Erasmus Medical Center. All partici-
pants provided written informed
TABLE 1













































Food group factor loadings for 2 identified dietary patterns from
in Generation R Study. Factor loadings are presented by Spea
Timmermans. Dietary patterns and blood pressure. Am Jconsent.11,12
337.e2 American Journal of Obstetrics& GynecoloNutritional intake
Participants’ responses to a self-admin-
istered semiquantitative food-frequency
questionnaire (FFQ) assessed nutri-
tional intake in the prior 3 months. The
questionnaire was administered in early
pregnancy (median, 13.5 weeks; inter-
quartile range [IQR], 3.4), and repre-
sented a slightly adapted version of the
validated FFQ of Klipstein-Grobusch et
al.15 The FFQ consists of 293 items,
structured according to meal pattern.
Questions include frequency of con-
sumption, portion size, preparation
method, and additions. Portion sizes
were estimated using Dutch household
measures and photographs showing dif-
ferent portion sizes.16 We calculated av-














































d frequency questionnaire data of 3187 pregnant women
rank correlation coefficients.
et Gynecol 2011.ing the frequency of consumption by
gy OCTOBER 2011portion size and nutrient content per
gram based on the 2006 Dutch food
composition table.17
Principal components analysis was
used to identify dietary patterns. First the
293 food items were reduced to 20 pre-
defined food groups.18 Subsequently,
food groups were adjusted for total en-
ergy intake and principal components
analysis was performed to construct
overall dietary patterns by explaining the
largest proportion of variation in food
group intake.19 The 2most prevalent fac-
ors–from here on referred to as dietary
atterns–accounting for 21.5%of the to-
al variation, were selected after rotating
he solution using the varimax method.20
The decision to select these 2 factors was
based on the criterion that they explained
thehighestpercentageofnutritional intake
variance in this study population. In addi-
tion, both dietary patterns showed resem-
blances with earlier reported dietary pat-
terns. This empirical approach resulted in
2 statistically independent dietary patterns
(correlation coefficient 0.00), each repre-
senting recognizable food consumption
patterns in the observed world. The factor
loadings, (ie, the associations between the
respective dietary patterns and all mea-
sured food components) are presented by
Spearman rank correlation coefficients
(Table 1). Foods with loadings0.2 on a
actor were used to describe the dietary
atterns.Theeigenvaluewasused toquan-
ify the percentage of variation explained
y each dietary pattern. We assigned each
articipant a personalized score (ie, low
dherence, medium adherence, high ad-
erence) for the 2 dietary patterns, repre-
enting a quantification of the similarity of
he individual’s diet with each of the 2 ex-
racted dietary patterns. After computa-
ion of these personalized scores, all 3187
omen were classified into equal tertiles
ccording to their personal score for the
espective dietary patterns.
Blood pressure
Primary outcome variables were mater-
nal blood pressure (mmHg), gestational
hypertension, and preeclampsia. Mater-
nal systolic blood pressure (SBP) and di-
astolic blood pressure (DBP) were mea-













































rmanIQR, 1.3), and late (median, 30.4 weeks;
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P valuen  1062 n  1062 n  1063
Mean maternal age, y 30.2 (4.6) 31.6 (4.0) 32.4 (4.0)  .01
................................................................................................................................................................................................................................................................................................................................................................................
Median BMI before pregnancy, kg/m2 23.0 (4.7) 22.1 (3.7) 21.8 (3.5)  .01
.......................................................................................................................................................................................................................................................................................................................................................................
Missing, % 14.1 14.2 12.2
................................................................................................................................................................................................................................................................................................................................................................................
Median BMI at intake, kg/m2 24.0 (5.0) 23.0 (4.2) 23.0 (3.6)  .01
................................................................................................................................................................................................................................................................................................................................................................................
Mean weight gain (delta BMI) 2.8 (1.3) 2.8 (1.2) 2.7 (1.2) NS
.......................................................................................................................................................................................................................................................................................................................................................................
Missing, % 4.2 5.3 4.3
................................................................................................................................................................................................................................................................................................................................................................................




Low 5.0 2.7 1.6  .01
.......................................................................................................................................................................................................................................................................................................................................................................
Medium 53.5 32.1 23.3
.......................................................................................................................................................................................................................................................................................................................................................................
High 40.6 64.8 74.7
.......................................................................................................................................................................................................................................................................................................................................................................




0 59.6 59.4 61.1 NS
.......................................................................................................................................................................................................................................................................................................................................................................
1 40.1 40.5 38.7
.......................................................................................................................................................................................................................................................................................................................................................................




Yes, still 19.3 13.6 11.5  .01
.......................................................................................................................................................................................................................................................................................................................................................................
Stopped 7.5 7.6 9.5
.......................................................................................................................................................................................................................................................................................................................................................................
No 65.5 70.1 71.8
.......................................................................................................................................................................................................................................................................................................................................................................
Missing 7.7 8.7 7.2
................................................................................................................................................................................................................................................................................................................................................................................
Folic acid use, %
.......................................................................................................................................................................................................................................................................................................................................................................
No 11.0 7.6 7.6  .01
.......................................................................................................................................................................................................................................................................................................................................................................
Postconception start 24.9 28.8 27.5
.......................................................................................................................................................................................................................................................................................................................................................................
Preconception start 47.7 44.8 47.4
.......................................................................................................................................................................................................................................................................................................................................................................




Severe 17.1 12.1 8.7  .01
.......................................................................................................................................................................................................................................................................................................................................................................
Moderate 19.2 19.7 20.5
.......................................................................................................................................................................................................................................................................................................................................................................
No 55.4 59.3 62.9
.......................................................................................................................................................................................................................................................................................................................................................................
Missing 8.3 8.9 7.9
................................................................................................................................................................................................................................................................................................................................................................................
Mean SBP, mm Hg
.......................................................................................................................................................................................................................................................................................................................................................................
Early pregnancy 118.1 (12.0) 116.8 (11.9) 116.2 (11.4)  .01
.......................................................................................................................................................................................................................................................................................................................................................................
Mid pregnancy 119.5 (11.9) 118.2 (11.8) 117.40 (11.1)  .01
.......................................................................................................................................................................................................................................................................................................................................................................
Late pregnancy 120.76 (11.6) 120.5 (11.6) 119.7 (11.0) NS
................................................................................................................................................................................................................................................................................................................................................................................


















Research Obstetrics www.AJOG.orgIQR, 1.1) pregnancy using the validated
Omron 907 automated digital oscillomet-
ric sphygmomanometer (Omron Health-
care Europe BV, Hoofddorp, The Nether-
lands). The presence of doctor-diagnosed
gestationalhypertensionandpreeclampsia
was retrieved from medical records and
wasdeterminedbasedon the criteria of the
International Society for the Study of Hy-
pertension in Pregnancy (Supplement
Table 1).21,22
Covariates
Information regarding maternal age,
prepregnancy weight, education, parity,
smoking, folic acid use, and vomiting
was available from questionnaires re-
peatedly applied during pregnancy. Ad-
ditionally, at enrollment in early preg-
nancy, in mid pregnancy, and in late
pregnancy, height and weight were mea-
sured and body mass index (BMI) (kg/
m2) was calculated.11,12 Weight gain is
epresented as the difference in BMI
rom early pregnancy until late preg-
ancy. In early pregnancy venous blood
erum and plasma samples were drawn
o determine folate, vitamin B12, tHcy,
nd Hs-CRP concentrations. The be-
ween-run coefficients of variation for
lasma folate were 8.9% at 5.6 nmol/L,
.5% at 16.6 nmol/L, and 1.5% at 33.6
mol/L; the coefficients for serum vita-
in B12 were 3.6% at 148 pmol/L, 2.7%
t 295 pmol/L, and 3.1% at 590 pmol/L;
TABLE 2
Selected characteristics stratified i
Variable












Values represent percentage (%) within column, mean (SD), o
Analysis of variance and 2 test tested differences in baseline
BMI, body mass index; DBP, diastolic blood pressure; NS, not
Timmermans. Dietary patterns and blood pressure. Am Jhe coefficients for plasma tHcy were
337.e4 American Journal of Obstetrics& Gynecolo.1% at 7.6 mol/L, 3.1% at 13.7
mol/L, and 2.1% at 26.1 mol/L; and
he coefficients for plasma Hs-CRP were
.9% at 12.8 mg/L and 1.3% at 39.3
g/L.
Statistical analysis
To test differences in baseline character-
istics between the dietary pattern catego-
ries the analysis of variance and 2 test
were used. Likewise, trend tests (linear
regression) were used to relate the 3 di-
etary pattern groups to the biomarker
concentrations and nutrient intake.
Linear regression was used to assess
cross-sectional differences between the
dietary pattern categories in DBP and
SBP. In the multiple regression analyses
the inclusion of confounding variables
was based on earlier literature, and de-
termined a priori.23,24 Theseweremater-
nal age, BMI, parity, educational level,
smoking, folic acid use, vomiting, and
gestational age at time of measurement.
In themultiple regression analyses,miss-
ing covariableswerecompletedusingmul-
tiple imputation (missing: BMI 0.4%, ed-
ucational level 0.6%,parity 0.2%, smoking
7.5%, folic acid use 17.5%, and vomiting
8.3%). Data were imputed according to
the Markov Chain Monte Carlo method
assuming no monotone missing pattern.
Five imputed datasets were created. Sub-
sequently, multiple regression analyses






n  1062 n  1062
.........................................................................................................................
68.9 (9.3) 67.9 (92)
.........................................................................................................................
68.4 (9.7) 66.6 (9.1)
.........................................................................................................................







racteristics between Mediterranean dietary pattern categories.
ificant; SBP, systolic blood pressure.
et Gynecol 2011.were performed on each imputed dataset
gy OCTOBER 2011and thereafter combined to 1 pooled
estimate.25
To further explore blood pressure tra-
jectories between the dietary pattern cat-
egories repeated measurement regres-
sion models were used with maternal
blood pressure as repeated outcome
measure. These models take the correla-
tion between repeated measurements of
the same subject into account. The best
fitting models were constructed using
fractional polynomials of gestational age
(Supplement Table 2).26
Lastly, to analyze the associations of
the dietary patterns with gestational hy-
pertension and preeclampsia, simple
and multiple logistic regression models
were used.
We performed all statistical analyses us-
ing the Statistical Package of Social Sci-
ences release 17.0 forWindows (SPSS Inc,
Chicago, IL), the Statistical Analysis Sys-
tem version 9.2 (SAS Institute Inc, Cary
NC), and R version 2.9.2 forWindows.
RESULTS
Characteristics on nutritional intake of
the 3187 women are shown in Table 1.
The first factor explained 12.8%of nutri-
tional intake total variance and was la-
beled theMediterranean dietary pattern.
It comprised high intake of vegetables,
vegetable oils, pasta, rice, fish, and le-
gumes, moderate intake of alcohol, and
n dietary pattern (continued)
High
adherence
P valuen  1063
..................................................................................................................
67.5 (8.8)  .01
..................................................................................................................
66.3 (8.7)  .01
..................................................................................................................



























www.AJOG.org Obstetrics Researchexplained 8.7% of nutritional intake to-
tal variance. It was labeled the Tradi-
tional dietary pattern as it was character-
ized by high intake ofmeat and potatoes,
and low intake of fruit, nonalcoholic
drinks, fish, and bread.Maternal charac-
teristics associated with both low adher-
ence to the Mediterranean dietary
pattern and high adherence to the Tra-
ditional dietary pattern were younger
age, higher BMI, lower educational level,
continued smoking during pregnancy, a
lower frequency of folic acid use, and
more vomiting (Tables 2 and 3).
Compared towomenwith high adher-
ence to the Mediterranean dietary pat-
tern, lower plasma folate (P  .01) and
erum vitamin B12 concentrations (P
01), andhigher plasmaHs-CRPconcen-
rations (P .01) were observed among
omen with low adherence (Table 4).
hey also had a lower ratio of unsatu-
ated to saturated fatty acid intake, rela-
ively lower intake of protein and fiber,
nd higher intake of carbohydrates.
omen with high adherence to the Tra-
itional dietary pattern had lower
lasma folate concentrations (P  .01),
but higher serum vitamin B12 concen-
trations (P  .01), as compared to
womenwith low adherence to the Tradi-
tional dietary pattern. They had higher
plasma tHcy (P .01) andHs-CRP con-
centrations (P  .05), a higher propor-
tion of energy derived from fat, and a
lower ratio of unsaturated to saturated
fats. These women also consumed rela-
tively lower amounts of vegetable pro-
tein, carbohydrates, and fiber.
A consistently higher SBP was ob-
served throughout pregnancy among
mothers with high adherence to the Tra-
ditional dietary pattern (Table 5). As
compared to low adherence, high adher-
ence was associated with a 1.8 mm Hg
(95% confidence interval [CI], 0.7–2.9)
increase in SBP in early pregnancy, a 2.3
mm Hg (95% CI, 1.2–3.3) increase in
mid pregnancy, and a 2.6 mm Hg (95%
CI, 1.6–3.6) increase in late pregnancy.
Low adherence to theMediterranean di-
etary patternwas associatedwith compa-
rable effects in early and mid pregnancy
(differences: 1.1 mm Hg; 95% CI, 0.2–
2.2 and 1.3 mmHg; 95% CI, 0.3–2.3, re-
spectively). This trend disappeared inTABLE 3
Selected characteristics stratified into adherence
categories of Traditional dietary pattern
Variable
Traditional dietary pattern
Low adherence Medium adherence High adherence
P valuen  1062 n  1063 n  1062
Mean maternal age, y 32.0 (3.9) 31.5 (4.2) 30.7 (4.8)  .01
..............................................................................................................................................................................................................................................
Median BMI before pregnancy, kg/m2 21.9 (3.7) 22.3 (3.7) 22.7 (4.6)  .01
.....................................................................................................................................................................................................................................
Missing, % 12.9 14.2 13.2
..............................................................................................................................................................................................................................................
Median BMI at intake, kg/m2 22.8 (3.8) 23.3 (4.1) 23.8 (5.1)  .01
..............................................................................................................................................................................................................................................
Mean weight gain (delta BMI) 2.8 (1.2) 2.8 (1.2) 2.7 (1.2) NS
.....................................................................................................................................................................................................................................




Low 0.7 3.4 5.3  .01
.....................................................................................................................................................................................................................................
Medium 26.4 33.7 48.9
.....................................................................................................................................................................................................................................
High 72.3 62.3 45.5
.....................................................................................................................................................................................................................................




0 69.4 58.9 52.0  .01
.....................................................................................................................................................................................................................................
1 30.4 41.0 47.9
.....................................................................................................................................................................................................................................




Yes, still 7.5 14.2 22.6  .01
.....................................................................................................................................................................................................................................
Stopped 7.5 9.0 8.1
.....................................................................................................................................................................................................................................
No 76.5 68.0 62.9
.....................................................................................................................................................................................................................................
Missing 8.5 8.8 6.4
..............................................................................................................................................................................................................................................
Folic acid use, %
.....................................................................................................................................................................................................................................
No 5.7 7.7 12.8  .01
.....................................................................................................................................................................................................................................
Postconception start 27.1 24.6 29.4
.....................................................................................................................................................................................................................................
Preconception start 51.9 48.2 40.3
.....................................................................................................................................................................................................................................




Severe 12.0 12.3 13.6  .01
.....................................................................................................................................................................................................................................
Moderate 18.0 19.8 21.5
.....................................................................................................................................................................................................................................
No 62.0 58.2 57.8
.....................................................................................................................................................................................................................................
Missing 8.0 9.7 7.1
..............................................................................................................................................................................................................................................
Mean SBP, mm Hg
.....................................................................................................................................................................................................................................
Early pregnancy 116.1 (11.5) 117.0 (11.8) 118.0 (12.0)  .01
.....................................................................................................................................................................................................................................
Mid pregnancy 117.0 (11.1) 118.5 (11.3) 119.6 (12.3)  .01
.....................................................................................................................................................................................................................................
Late pregnancy 119.1 (10.9) 119.8 (11.1) 122.0 (12.0)  .01
..............................................................................................................................................................................................................................................
Mean DBP, mm Hg
.....................................................................................................................................................................................................................................
Early pregnancy 67.6 (8.9) 68.2 (9.1) 68.5 (9.3) NS
.....................................................................................................................................................................................................................................
Mid pregnancy 66.4 (9.1) 67.3 (9.2) 67.6 (9.4)  .01
.....................................................................................................................................................................................................................................
Late pregnancy 69.0 (9.1) 69.1 (8.8) 69.9 (9.5) NS
..............................................................................................................................................................................................................................................
Preeclampsia, % 1.8 1.3 2.4 NS
..............................................................................................................................................................................................................................................
Gestational hypertension, % 5.0 5.0 5.9 NS
..............................................................................................................................................................................................................................................
Values represent percentage (%) within column, mean (SD), or median (interquartile range).
Analysis of variance and 2 test tested differences in baseline characteristics between Traditional dietary pattern categories.
BMI, body mass index; DBP, diastolic blood pressure; NS, not significant; SBP, systolic blood pressure.Timmermans. Dietary patterns and blood pressure. Am J Obstet Gynecol 2011.
OCTOBER 2011 American Journal of Obstetrics& Gynecology 337.e5
Obst
Research Obstetrics www.AJOG.orglate pregnancy (difference: 0.2 mm Hg;
95% CI, –0.8 to 1.2). Higher DBP read-
ings were observed during pregnancy in
mothers with both high adherence to the
Traditional dietary pattern and low ad-
herence to the Mediterranean dietary
pattern. These increases were most pro-
nounced during the mid pregnancy pe-
riod (differences: 1.3 mm Hg; 95% CI,
0.5–2.1 and 1.6 mm Hg; 95% CI, 0.8–
2.4, respectively, for high adherence to
the Traditional, and low adherence to
the Mediterranean dietary pattern).
Repeated regression analyses showed
similar trends in patterns of blood pres-
TABLE 4


















Energy, kJ/d 8955.9 324
..........................................................................................................
Fat, % of energy 35.9
..........................................................................................................
Total fat, g/d 77.7 1
..........................................................................................................
Saturated lipids, g/d 29.0
..........................................................................................................
Monounsaturated lipids, g/d 27.0
..........................................................................................................




Protein, % of energy 14.1
..........................................................................................................
Total protein, g/d 69.6 1
..........................................................................................................
Vegetable protein, g/d 26.0
..........................................................................................................
Animal protein, g/d 43.1 1
..........................................................................................................
Carbohydrate, % of energy 49.7
..........................................................................................................










Hs-CRP, high-sensitive C-reactive protein; IQR, interquartile r
Timmermans. Dietary patterns and blood pressure. Am Jsure change. Overall, SBP and DBP were
337.e6 American Journal of Obstetrics& Gynecolohighest among women with low adher-
ence to the Mediterranean dietary pat-
tern (Figure 1) and high adherence to the
Traditional dietary pattern (Figure 2).
Neither adherence to the Mediterra-
nean dietary pattern nor adherence to
the Traditional dietary pattern was asso-
ciated with the occurrence of gestational
hypertension or preeclampsia (Table 6).
COMMENT
We showed that adherence to 2 indepen-
dent dietary patterns, respectively, low
adherence to a Mediterranean dietary
t intake stratified into adherence ca
etary pattern Traditio
Medium
adherence High adherence Low ad
n  1062 n  1063 n  10
Median IQR Median IQR Median
.........................................................................................................................
19.2 13.4 19.9 12.6 21.0
.........................................................................................................................
7.0 1.9 7.0 1.8 7.0
.........................................................................................................................
178.0 99.0 182.0 96.3 174.0
.........................................................................................................................
4.0 5.4 3.8 4.5 3.4
.........................................................................................................................
.........................................................................................................................
8914.3 2967.2 8993.2 2815.5 9018.9
.........................................................................................................................
36.7 7.0 36.8 6.8 34.9
.........................................................................................................................
79.5 15.2 79.9 14.8 75.6
.........................................................................................................................
28.9 6.7 28.6 6.6 27.2
.........................................................................................................................
28.4 6.2 29.9 6.9 27.3
.........................................................................................................................
18.3 6.3 17.9 6.4 17.8
.........................................................................................................................
2.0 0.4 2.1 0.4 2.0
.........................................................................................................................
15.0 2.7 15.3 2.9 15.6
.........................................................................................................................
74.0 12.9 75.7 13.5 72.0
.........................................................................................................................
28.4 6.4 29.6 6.4 30.7
.........................................................................................................................
45.1 13.9 45.9 14.9 40.9
.........................................................................................................................
48.3 7.5 47.0 7.5 50.1
.........................................................................................................................
234.3 37.0 228.4 37.1 243.7
.........................................................................................................................
127.6 37.9 117.3 35.3 135.0
.........................................................................................................................
104.8 22.5 108.7 25.0 104.9
.........................................................................................................................
21.7 5.6 23.5 6.1 24.0
.........................................................................................................................
; tHcy, homocysteine.
et Gynecol 2011.pattern and high adherence to a Tradi-
gy OCTOBER 2011tional dietary pattern, is associatedwith a
higher maternal blood pressure during
pregnancy. These associations are within
physiologic ranges. We observed no re-
lation with the occurrence of hyperten-
sive pregnancy disorders.
During recent years, the Mediterra-
nean dietary pattern has gained consid-
erable attention for its positive health ef-
fects.27 There is no single Mediterranean
diet, although dietary patterns prevailing
in the Mediterranean region share com-
mon characteristics including an abun-
dance of vegetables, vegetable oil as prin-
cipal source of fat, moderate amounts of





n  1063 n  1062
IQR Median IQR Median IQR
..................................................................................................................
12.8 19.3 13.3 16.9 13.7
..................................................................................................................
1.8 6.9 2.0 7.1 2.1
..................................................................................................................
90.0 173.0 100.0 180.0 111.5
..................................................................................................................
4.9 4.1 5.0 4.7 5.7
..................................................................................................................
..................................................................................................................
3008.5 8887.9 2896.3 9107.8 3113.5
..................................................................................................................
7.7 36.8 6.6 37.6 7.1
..................................................................................................................
16.6 79.7 14.2 81.6 15.6
..................................................................................................................
6.6 29.1 6.5 30.2 6.3
..................................................................................................................
7.0 28.4 6.1 29.5 6.8
..................................................................................................................
6.6 18.2 6.3 18.2 6.9
..................................................................................................................
0.5 1.9 0.4 1.9 0.4
..................................................................................................................
2.9 14.9 2.9 15.0 3.0
..................................................................................................................
13.7 73.0 13.4 74.5 14.7
..................................................................................................................
6.4 28.0 5.7 25.6 6.4
..................................................................................................................
14.1 44.9 13.5 48.0 14.3
..................................................................................................................
8.3 48.0 7.4 46.8 7.9
..................................................................................................................
40.6 233.3 37.3 227.4 38.8
..................................................................................................................
40.8 126.0 38.7 120.8 42.6
..................................................................................................................
22.2 105.1 23.0 103.8 25.5
..................................................................................................................

































































www.AJOG.org Obstetrics Researchtions of meat, and moderate alcohol
use.27,28 Adherence to the identifiedMed-
terraneandietary pattern in our studywas
alidated by higher amounts of vegetable
rotein, carbohydrates polymers, fiber,
nd a favorable ratio of unsaturated to sat-
rated lipids. Increased concentrations of
he biomarkers plasma folate and serum
itaminB12furthervalidatedadherence to
heMediterranean dietary pattern.
TheTraditional dietary pattern resem-
TABLE 5











0.5 [–0.6 to 1.6]
..........................................................................................................
High adherence Reference R
..........................................................................................................









0.8 [–0.3 to 1.9]
..........................................................................................................
High adherence 1.9 [0.8–3.0]
...................................................................................................................











0.3 [–0.6 to 1.1]
..........................................................................................................
High adherence Reference R
..........................................................................................................









0.5 [ –0.4 to 1.3]
..........................................................................................................
High adherence 0.9 [0.1–1.7]
..........................................................................................................
Trend score 0.4 [0.0–0.7]
...................................................................................................................
Results from cross-sectional linear regression analyses. Values
(2706 measurements), mid (3125 measurements), and late (3
DBP, diastolic blood pressure; SBP, systolic blood pressure.
a Crude: adjusted for gestational age at measurement; b Adju
Timmermans. Dietary patterns and blood pressure. Am Jles a typically Northwest European di-tary tradition that has existed since the
9th century when agriculture and do-
estic education were widely imple-
ented. Characterized by high amounts
f meat and potatoes, the Traditional
ietary pattern seems fairly reproduc-
ble across populations.28 In our study
adherence to this dietary pattern was
validated by higher amounts of animal
protein and saturated lipids, lower
amounts of carbohydrates and fiber,




[0.2–2.2] 2.2 [1.2–3.2] 1.3 [0.3–2
.........................................................................................................................









[–0.2 to 1.9] 1.4 [0.4–2.4] 1.3 [0.4–2
.........................................................................................................................
[0.7–2.9] 2.5 [1.5–3.5] 2.3 [1.2–3
.........................................................................................................................





[0.1–1.8] 2.2 [1.2–3.2] 1.6 [0.8–2
.........................................................................................................................









[–0.3 to 1.4] 0.1 [–0.6 to 0.8] 0.9 [0.1–1
.........................................................................................................................
[0.1–1.8] 1.9 [1.3–2.0] 1.3 [0.5–2
.........................................................................................................................
[0.1–0.8] 0.5 [0.2–0.8] 0.6 [0.2–0
.........................................................................................................................
regression coefficients (95% confidence interval) and reflect differ
measurements) pregnancy.
additionally adjusted for maternal age, body mass index, parity,
et Gynecol 2011.lower concentrations of plasma folate,
OCTOBER 2011 Americand higher concentrations of serum vi-
tamin B12.
Our group is the first to find associa-
tions between dietary patterns in an eth-
nic homogenous group of pregnant
women and the course of blood pressure
during pregnancy. Even though baseline
nonpregnant blood pressure levels were
not measured as women were only in-
cluded in the Generation R Study from
early pregnancy onward, the observed




1.0 [0.1–2.0] 0.2 [–0.8 to 1.2]
..................................................................................................................









0.7 [–0.3 to 1.7] 0.7 [–0.3 to 1.6]
..................................................................................................................
2.9 [2.0–3.9] 2.6 [1.6–3.6]
..................................................................................................................





1.4 [0.6–2.2] 1.0 [0.2–1.8]
..................................................................................................................









–0.2 [–0.9 to 0.5] 0.3 [–0.4 to 1.1]
..................................................................................................................
1.1 [0.5–1.8] 0.8 [0.1–1.6]
..................................................................................................................
0.2 [–0.2 to 0.5] 0.3 [–0.1 to 0.6]
..................................................................................................................
s in SBP and DBP (mm Hg) compared to reference, in early
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Research Obstetrics www.AJOG.orgpregnancy, for women with either low
adherence to the Mediterranean dietary
pattern, or high adherence to the Tradi-
tional dietary pattern, may indicate that
blood pressure was already higher before
pregnancy. This finding is in line with
that of others. In the past, it was sug-
gested in a review on metabolic studies,
prospective cohort studies, and clinical
FIGURE 1
Blood pressure patterns in Mediter
Change in systolic blood pressure (SBP) and dia
ranean dietary pattern category with high adhere
ment analysis (SBP 0 1 * dietary pattern
BP 0 1 * dietary pattern 2 * GA 
GA, gestational age in weeks.
*P .05 reflects significant difference in change in blood pressure
categories compared to reference.
Timmermans. Dietary patterns and blood pressure. Am J Obtrials, that the use of dietary patterns rich t
337.e8 American Journal of Obstetrics& Gynecoloin whole grains, fruit, vegetables, and ad-
equate omega-3 fatty acids, and low in
refined grains, and saturated and trans
fats, protected against cardiovascular
disease.29 Indeed, it has been demon-
strated that such a diet lowered SBP and
DBP levels by 5.5 and 3.0 mm Hg in
adults with SBP of 160 mm Hg and
DBP readings of 80-95 mm Hg.30 Addi-
ean dietary pattern categories
ic blood pressure (DBP) in mm Hg per Mediter-
as reference group based on repeated measure-
2 * GA 3 * GA
–2 4 * dietary pattern * GA.
GA–5 4 * dietary pattern * GA) (n 3187).
eek (4) per Mediterranean dietary pattern category, for different
ynecol 2011.ionally, van Dam et al31 reported on 2 T
gy OCTOBER 2011dietary patterns that were associated
with SBP levels in Dutch nonpregnant
women aged 20-65 years. These included
a blood pressure–lowering diet charac-
terized by higher intake of vegetables,
rice, chicken, fish, and wine, and a blood
pressure–elevating diet, characterized
by greater intake of meat and potatoes,
and lesser intake of low-fat dairy prod-
ucts and fruit.31
To our knowledge, the additional ob-
served different patterns of blood pres-
sure change during pregnancy have not
been observed before. Higher SBP and
DBPwere observed inmotherswith both
low adherence to the Mediterranean di-
etary pattern and high adherence to the
Traditional dietary pattern. However,
this difference declined with gestational
age in women with low adherence to the
Mediterranean dietary pattern. With re-
spect to DBP, the differences were most
pronounced in mid pregnancy. These
observed blood pressure patterns might
be explained by effects of the dietary pat-
terns on endothelial cell function, possibly
interfering with normal vascular adjust-
ments (vasodilatation) to pregnancy.23
Differential effects on the amount of oxi-
dative stress and thereby endothelial cell
functions from antioxidant vitamins,
omega-3 fatty acids, magnesium, fiber,
and folic acidmayunderlie thesebiological
processes. In this respect, dietary patterns
have been demonstrated to reduce mark-
ers of inflammation and endothelial dys-
function, similar to our results onHs-CRP
concentrations.9 This may imply that the
rst trimester is a critical period for cardio-
ascular adaptations related to maternal
utrition and subsequent blood pressure
evelopment.32 Interestingly, our results
redifferent fromourpreviousfindingson
heassociationbetween synthetic folic acid
nd blood pressure, showing a small phys-
ological increase in maternal blood pres-
ure among folic acid–supplemented
omen.8 This might be explained by the
tronger and opposite effects of other nu-
ritional compounds than folate. More-
ver, in contrast to food folate, folic acid
ppears also in an oxidized form in the
lood that may slightly increase blood
ressure by a differential effect on endo-



















www.AJOG.org Obstetrics Researchpothesized that the lower consumption of
fluids in women with high adherence af-
fected the relative state of hypovolemia
associated with early pregnancy with sub-
sequentdifferentialhemodynamicadapta-
tion.Future studies areneeded toelucidate
on these effects andpotentialmechanisms.
Despite an elevated blood pressure
throughout pregnancy and a relatively less
steep midpregnancy fall in DBP we ob-
servednoassociationswith the risksof ges-
tational hypertension or preeclampsia.
Thus, the effects of these dietary patterns
may not be strong enough to be associated
with the risk of hypertensive pregnancy
disorders. Recently, Brantsaeter et al34
found that a dietary pattern characterized
by high intake of vegetables and vegetable
oils decreased the risk of preeclampsia,
whereas a dietary pattern characterized by
a high consumption ofmeat, sweet drinks,
and snacks increased the risk.These results
are in disparity with our study. In their
study lack of validation of the diagnosis
preeclampsia might have influenced the
results. As we were limited by a relatively
small number of preeclamptic cases in this
restricted study sample, further larger
studies with more power are needed.
Dietary pattern analysis is complemen-
tary to approaches using individual foods
or nutrients that are limited by biologic
interactions and colinearity.5 The large
ample size of this study together with its
rospective design enabled us to assess as-
ociations between maternal dietary pat-
erns and blood pressure in close detail.
owever, our results shouldbe considered
n light of somepotential limitations. First,
utritional intake was assessed in early
regnancy. It could be argued that nutri-
ional intake differs between different
regnancy periods. However, Cucó et al35
investigated dietary patterns during differ-
ent pregnancy periods and observed no
significant differences over time. More-
over, we assessed diet before occurrence of
the outcome which implies that potential
misclassification would likely have been
nondifferential. An important issue is un-
measuredconfounding.Weaddressed this
by restricting to an ethnic homogeneous
population and by controlling for a large
number of confounders, including the im-
portant covariatesmaternalweight andso-
cioeconomic class. Even though these andother used covariates are strongly related
to other health-related behaviors and ma-
ternal blood pressure, residual confound-
ing cannot be excluded completely. Lastly,
assumingourmissing dataweremissing at
random we used multiple imputation to
deal withmissing values since thismethod
is currently believed to be the most
FIGURE 2
Blood pressure patterns in Traditio
Change in systolic blood pressure (SBP) and dias
dietary pattern category with low adherence as
analysis. (SBP01 * dietary pattern2 *
0 1 * dietary pattern 2 * GA 3 * GA
–
GA, gestational age in weeks.
*P .05 reflects significant difference in change in blood pressu
ategories compared to reference.
immermans. Dietary patterns and blood pressure. Am J Obcredible.36
OCTOBER 2011 AmericThemajor challenge in dietary pattern
analysis remains to establish a quantita-
tive method to identify eating patterns
unless a specific pattern has been speci-
fied before. Using factor analysis in-
volves several arbitrary decisions includ-
ing the consolidation of food items into
food groups, the number of factors to ex-
l dietary pattern categories
blood pressure (DBP) in mm Hg per Traditional
ference group based on repeated measurement
3 * GA
–24 * dietary pattern * GA. DBP
4 * dietary pattern * GA) (n 3187).







stet Gtract, rotation method, and factor label-
an Journal of Obstetrics& Gynecology 337.e9
Obst
Research Obstetrics www.AJOG.orging.37Weconducted sensitivity analyses to
examine whether these decisions affected
our results. The use of other types of factor
analysis (oblique instead of orthogonal ro-
tation) and analyses within a random sub-
group (25%) indicated that the identified
patterns were robust. Also, the addition or
deletion of 1 or 2 food groups did not have
much effect on the general pattern of find-
ings. Moreover, similar dietary patterns
derived by factor analysis have been ob-
served by others.7,28,31,34
Concluding from our results, both low
adherence to aMediterranean dietary pat-
tern and high adherence to a Traditional
dietary pattern are independently associ-
ated with physiological higher levels of
blood pressure. The differential effects
with respect to the patterns of blood pres-
surechangeshouldbe furtherexplored. f
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Applied criteria for diagnosis of ge
Criteria gestational hypertension
New-onset hypertension




(ie, SBP 140 mm Hg and/or DBP
(2) proteinuria
(ie, 2 dipstick readings of 2,
...................................................................................................................
DBP, diastolic blood pressure; SBP, systolic blood pressure.
Reproduced, with permission, from National High Blood Press
Timmermans. Dietary patterns and blood pressure. Am J
SUPPLEMENTARY TABLE 2
Estimates of intercept and interact



































1.2049 [–0.3479 to 2
..........................................................................................................








0.9465 [–0.2570 to 2
..........................................................................................................
High adherence 1.0623 [–0.1443 to 2
...................................................................................................................
Results from repeated measurement models: (1) SBP 0
* GA–5 4 * dietary pattern * GA. Term “0 1 * dietary
* GA–5”reflects slope of change in blood pressure per week f
categories for SBP and DBP. SBP and DBP effect estimates in
periconception folic acid use.
DBP, diastolic blood pressure; GA, gestational age in weeks; Sstational hypertension and preeclampsia
0 mm Hg 20 wk’ gestation in previously normotensive woman on at least 2 occasions)
......................................................................................................................................................................................................................................................
90 mm Hg 20 wk’ gestation in previously normotensive woman on at least 2 occasions) and
1 sample reading of 1, or 24-hour urine collection containing at least 300 mg of protein)
.............................................................................................................................................................................................................................................................
ure Education Program Working Group.38ion terms of dietary pattern
ternal blood pressure
Fractional polynomials
Adjusted GA crude GA adjusted
.............................................................................................................................................................................................................................................................
72] 2.3736 [0.8135-3.9337] –0.0675 [–0.128 to –0.007] –0.0661 [–0.127 to –0.005]
.............................................................................................................................................................................................................................................................
.5995] 0.8920 [–0.6535 to 2.4375] –0.0094 [–0.069 to 0.051] –0.0098 [–0.070 to 0.051]
.............................................................................................................................................................................................................................................................
High adherence Reference Reference
.............................................................................................................................................................................................................................................................
.............................................................................................................................................................................................................................................................
70] 1.2604 [0.05642-2.4644] –0.0048 [–0.051 to 0.042] –0.0040 [–0.005 to 0.042]
.............................................................................................................................................................................................................................................................
.2552] 0.00313 [–1.1607 to 1.223] 0.0119 [–0.034 to 0.058] 0.0115 [–0.035 to 0.058]
.............................................................................................................................................................................................................................................................
High adherence Reference Reference
.............................................................................................................................................................................................................................................................
Fractional polynomials




.7577] 1.1571 [–0.3824 to 2.6966] –0.0105 [–0.071 to 0.049] –0.0110 [–0.071 to 0.049]
.............................................................................................................................................................................................................................................................





.1500] 1.0614 [–0.1280 to 2.2508] –0.0227 [–0.069 to 0.024] –0.0228 [–0.069 to 0.023]
.............................................................................................................................................................................................................................................................
.2689] 1.1884 [–0.0144 to 2.9313] –0.0094 [–0.056 to 0.037] –0.0104 [–0.057 to 0.036]
.............................................................................................................................................................................................................................................................
1 * dietary pattern 2 * GA 3 * GA
–2 4 * dietary pattern * GA. (2) DBP 0 1 * dietary pattern 2 * GA 3
pattern” reflects intercept, and “2 * GA 3 * GA
–2”reflects slope of change in blood pressure per week for SBP. “2 * GA 3
or DBP. Term “4 * dietary pattern * GA” reflects difference in change in blood pressure per week between different dietary pattern
mm Hg. Adjusted models are adjusted for maternal body mass index, maternal age, parity, educational level, smoking, vomiting, and
BP, systolic blood pressure.Timmermans. Dietary patterns and blood pressure. Am J Obstet Gynecol 2011.
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